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As a new cathode material for lithium ion battery, LiFePO4 was focused 
intensively these years. Compared to the existing cathodes of lithium-ion battery 
LiCoO2、LiMn2O4、LiNiO2, LiFePO4 has displayed its advantages in terms of the 
cycle performance、the safety and the pollution on the environment; However its low 
tap density, low electronic conductivity and poor charge-discharge performance at 
high rate are the bottleneck of the development for LiFePO4. Focusing on the key 
problems of LiFePO4 cathode materials, we found four leading results after studying 
them by the numbers. 
1. The cathode materials LiFePO4 were synthesized by different methods. The 
results show that the performances of materials are closely related to the synthesizing 
condition: during preparing the materials, if the precursors were blended more 
homogeneously and the inert atmosphere was protected better, then purer materials、
better crystalline structure、 smaller particle size and better charge-discharge 
performance should be gained; The tap density of the materials was higher after the 
precursor was pressed into a pellet, which was almost two times as big as the 
unpressed precursor. Compared to the classical solid-state reaction, the materials had 
more impurities、worse crystalline structure and lower charge-discharge specific 
capacity after the precursors were disposed in aqueous solution. 
2. In this paper, we firstly reported that the composite LiFePO4/CaB6 was 
synthesized by adding CaB6. Our results show that doping CaB6 markedly improved 
the tap density(40~65%)、the electronic conductivity(3~5 orders of magnitude) and 
the output performance at high rate of LiFePO4. Compared to the particle size and the 
unit cell parameters of materials, we found that the particle size had a severer effect 
on the tap density of LiFePO4 and that the higher interstitial rate would have higher 
tap density of LiFePO4.  
3. A few Cu
2+
 ions doping greatly improved the tap density (40%) and the output 
performances at different rates of LiFePO4, however, it was a pity that the Cu
2+
 ions 
doping improved the loss rate of the specific capacity. Most of the Cu
2+ 
ions were 
inclined to occupy the Fe site of LiFePO4 in our results. 
4. We studied the performances of the LiFePO4/electrolyte interface. With the 
three electrodes in a glass box, we studied the changes between the 
LiFePO4/electrolyte interface during the rest time、the charge-discharge process and 
after and before three charge-discharge cycles. It was found that there were three 
semicircles in the impedance spectroscopy of LiFePO4. In our opinion, the three 
semicircles matched the impedance of the former reaction Rx、the impedance of SEI 
(solid electrolyte interface) Rs and the impedance of the charge transfer Rct 
respectively. The rest time and the charge-discharge process had a severe effect on 
Rx、Rs、Rct. With GITT (galvanostatic intermit titration technique), we measured the 
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第一章 绪论 
 
    人类已经进入 21 世纪以来，人类发展正面三个方面的挑战：安全可靠的资
源和能源需求，持续的经济增长以及可持续发展的自然环境[1]。
 
近年来全球的耗能量约为 400EJ/年（EJ=108J），其中电能约 50 EJ/年。从一
次能源原料来分析，生物质量能（柴、草、秸秆等）约提供 30 EJ/年，核能约提
供 10 EJ/年，以及不到 10 EJ/年来自水力风力和地热能等，目前主要能源还是来
自化石燃料。估计 2100 年全球能耗可达约 700 EJ/年（其中电能约 150 EJ/年），
可能主要仍将来自化石燃料。然而，化石燃料的储量是很有限的。按已知贮量乘
2 估计，煤可供应约 5×104EJ,油约 1.2×104EJ，气约 1×104EJ，合计约 7.2×104EJ，
按目前耗能速度用不到两百年[2]。据有关资料显示，1999 年世界人口已达 60 亿,
过去几年中每年增加约 1 亿,预计到 21 世纪中期将增加到 100 亿 ,能源消费将
增加 50 %～100 %[3]。除人口增长导致能源消费外，经济增长是能源消费最主要
的驱动力[4]。目前的能源消费中 85%来自化石燃料，但是化石燃料燃烧时要放出
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是最轻的金属原子量(M= 6.94 g mol–1, 密度ρ=g cm–3)，也是电极电位最负的金属
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